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ABSTRACT

Purpose. Chemotherapy has been the historical mainstay of treat-
ment for patients with breast cancer, with immunohistochemical
markers and tumor characteristics driving treatment decisions.
The discovery of different intrinsic subtypes of breast cancer has
advanced the understanding of breast cancer, with gene-based
assays shedding further light on tumor behavior and response to
treatment.
Design. This review focuses on the landscape of the luminal A
subtype, its definition based on immunohistochemistry (IHC)
and gene assays, the prognostic and predictive value of these
assays, guideline recommendations, and treatment implications.

Results. Clinical studies of the prognostic value of gene-
based and IHC-based assays in patients with luminal
A-subtype breast cancers suggest a better prognosis for
these patients compared with those with breast cancers of
other subtypes.
Conclusion. In today’s era of precision medicine, the best treat-
ment regimen for patients with luminal A-subtype tumors is
still undetermined, but available data raise the question
whether chemotherapy can be omitted and endocrine therapy
alone is sufficient for this patient population. The Oncologist
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Implications for Practice: Immunohistochemical markers have traditionally guided treatment decisions in breast cancer. However,
advances in gene-expression profiling and availability of gene-based assays have launched these newer tests into everyday clinical
practice. Luminal A-subtype tumors are a unique subset that may have favorable tumor biology. Properly defining this tumor
subtype is important andmay identify a subset of patients for whom endocrine therapy alone is sufficient.

INTRODUCTION

Breast cancer is a heterogeneous disease, with treatment
decisions and prognosis traditionally guided by immunohisto-
chemistry (IHC) markers such as estrogen receptor (ER), proges-
terone receptor (PR), human epidermal growth receptor 2
(HER2), and Ki67 (a proliferation index marker), along with
tumor size, tumor grade, and nodal status. More recently,
advances in the development and validation of genomic tests
and a deeper understanding of intrinsic subtypes (luminal A,
luminal B, HER2-enriched, basal, and normal breast-like) have
shed further light on tumor biology and how to best provide
individualized treatment [1–4]. This review focuses on the land-
scape of the luminal A subtype, how it is defined by IHC-based
and gene-based assays, the prognostic and predictive value of
these assays, genetic mutations and novel pathways in the
luminal A subtype, and treatment implications. With popula-
tion studies projecting that luminal A-subtype breast cancers
compose at least half of all new breast cancer diagnoses, the
question of how best to determine whether a tumor is luminal

A and how best to approach treatment becomes clinically very
important [5–8].

DEFINING LUMINAL A SUBTYPE
Currently, two methods can determine subtype: gene-based
assays and IHC-based markers. In 2011, the St. Gallen expert
consensus panel adopted a subtype-based approach for treat-
ing early breast cancer in the adjuvant setting using levels of
ER, PR, Ki67 and HER2 expression [9]. Based on work by Prat
et al., who determined that patients with IHC-based luminal A
tumors had better disease-free survival (DFS) if PR was >20%,
the 2013 St. Gallen update defined luminal A as ER positive
(ER1), PR �20%, HER2 negative, Ki67 <14%, and, if available,
“low” recurrence risk based on gene-based assays [10]. Luminal
B-like (HER2-negative) tumors are ER1, HER2 negative, and at
least one of the following: Ki67 �20%, PR negative or <20%,
and, if available, “high” recurrence risk based on multi-gene
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expression assay. Luminal B-like (HER2-positive [HER21])
tumors are ER1, HER21, any Ki67 level, and any PR level.
HER21 (non-luminal) tumors are defined as HER21 and ER
and PR negative. Triple-negative (ductal) tumors are defined as
ER, PR, and HER2 negative. These definitions are frequently
used in clinical practice today. However, these IHC-based
markers are only a surrogate and cannot establish the intrinsic
subtype of any given cancer, with discordance rates between
IHC-based markers and gene-based assays as high as 30% [11,
12].

Ideally, an effective biomarker should be prognostic (deter-
mine the risk of recurrence or metastases) and predictive
(determine the benefit from a given treatment). There are cur-
rently five gene-based assays available: the 21-gene Recurrence
Score (RS; Oncotype DX; Genomic Health, Inc., Redwood City,
CA), the 50-gene Prediction Analysis of Microarrays (PAM50)
and PAM50 Risk of Recurrence (PAM50-ROR; Prosigna; Nano-
String Technologies, Seattle,WA), the 70-gene and 80-gene sig-
natures (MammaPrint and BluePrint, respectively; Agendia,
Irvine, CA), EndoPredict (Myriad Genetics, Inc., Salt Lake City,
UT), and the Breast Cancer Index (BCI; Biotheranostics, Inc., San
Diego, CA). This review will focus on RS, PAM50-ROR, and the
70- and 80-gene signatures (Table 1).

Paik et al. used a reverse-transcriptase polymerase-chain-
reaction assay on prospectively selected genes to validate the
21-gene RS and quantify the likelihood of distant recurrence in
patients with node-negative, ER1 breast cancer treated with
tamoxifen into low-, intermediate-, and high-risk categories
[13]. Parker et al. used a 50-gene set, PAM50, to standardize

intrinsic subtype classifications and establish a risk of relapse
score that correlates with the likelihood of 10-year recurrence
[14]. Using the PAM50 gene signature, Prosigna developed a
risk of recurrence (ROR) score (PAM50-ROR) that provides a
numerical score estimating the probability of distant recurrence
over 10 years [15]. The 70-gene signature, which divides
patients into low- versus high-risk groups corresponding to 10-
year distant-metastasis-free survival (DMFS), is frequently used
with the 80-gene signature (BluePrint), which distinguishes
between basal, luminal, and HER2 intrinsic subtypes [16–19].
The 70- and 80-gene signatures combined stratify patients into
luminal A-like (luminal subtype and low-risk), luminal B-like
(luminal subtype and high-risk), HER2, and basal subtypes [18,
19]. Other gene-based assays such as EndoPredict and BCI have
also been studied prospectively in randomized trials [20, 21].
Of these, PAM50-ROR and the 70-gene signature have received
U.S. Food and Drug Administration 510(k) clearance [22, 23].
The prognostic and/or predictive value of these assays have
been studied in clinical trials, and some of them will be dis-
cussed below.

PROGNOSTIC AND PREDICTIVE VALUE OF GENE-BASED

ASSAYS AND IHC-BASED MARKERS

21-Gene Recurrence Score
The National Comprehensive Cancer Network (NCCN) guide-
lines emphasize the 21-gene RS as one of the best-validated
prognostic assays [24]. Studies have shown that the 21-gene RS
predicts both response to adjuvant chemotherapy and

Table 1. Overview of molecular assays

Characteristic 70-gene signature 80-gene signature
21-gene Recurrence
Score PAM50-ROR

Trade name MammaPrint BluePrint Oncotype DX Prosigna

Tumor material Fresh frozen FFPE Fresh frozen FFPE Fresh frozen FFPE Fresh frozen FFPE

Technology Microarray Microarray Reverse transcriptase
polymerase chain
reaction

nCounter

Number of genes 70 80 21 50 (plus 5 housekeeping genes)

Results Risk stratification: Low risk,
high risk

Intrinsic subtypes:
Luminal, HER2,
basal

Recurrence Score:
Low risk (RS <18),
intermediate risk
(RS 18 to <31),
high risk (RS �31)

Intrinsic subtypes: Luminal A,
luminal B, HER2 enriched, basal,
normal breast; PAM50-ROR
score: Low (<40), intermediate
(41–60), high (61–100)

FDA 510(k)
clearance

Prognostic indicator for 10-
year distant-recurrence-free
survival in post-menopausal
women with hormone
receptor-positive cancer and
one of the two following
indications: (a) lymph node-
negative and stage I–II breast
cancer treated with adjuvant
endocrine therapy alone; (b)
lymph node-positive (1–3
lymph nodes) and stage II
cancer treated with adjuvant
endocrine therapy alone.a

N/A N/A Risk for distant metastases
within 5 years; was to be used
only for patients with stage I–II
breast cancer with tumors �5.0 cm
and lymph node-negative disease

aClearance was not given for PAM50-ROR use in cases with four or more positive lymph nodes or in premenopausal women, although the biology
of any given tumor would most likely not differ based on menopausal status. Furthermore, because of the amount of time the FDA regulatory
pathway would have taken, the patient report does not include intrinsic subtype information.
Abbreviations: FDA, U.S. Food and Drug Administration; FFPE, formalin-fixed, paraffin-embedded; HER2, human epidermal growth receptor 2;
PAM50-ROR, 50-gene Predication Analysis of Microarrays, Risk of Recurrence; RS, Recurrence Score.
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locoregional and distant recurrence for postmenopausal
patients treated with tamoxifen or an aromatase inhibitor [24].
Wolmark et al. looked at the utility of the RS in predicting late
(>5 year) distant recurrence in patients with stage I and II
breast cancer with high and low ESR1-expressing groups from
the National Surgical Adjuvant Breast and Bowel Project B-14
(node-negative, tamoxifen only) and B-28 (node-positive,
chemotherapy and tamoxifen) trials [25]. An ESR1 cutoff of 9.1
cycle threshold units (first tertile) was found to quantify the
likelihood of recurrence in patients from the B-28 and B-14 tri-
als. RS was found to be prognostic for early (0–5 years,
p< .001) and late (>5 years, p 5 .02) recurrence for B-28
patients and early recurrence for B-14 patients (p< .001) but
not for late recurrence for B-14 patients (p 5 .06). RS was asso-
ciated with early distant recurrence risk for ESR1-low and -high
expression (p< .001), but for late recurrence for>5 years, only
ESR1>9.1 was significant (p 5 .003, B-28; p 5 .04, B-14).

Initial results of the ongoing TAILORx (NCT00310180) trial
suggest that RS is prognostic. Of note, TAILORx defined low
recurrence score as �10, intermediate as 11–25, and high as
�26, compared with the original definitions in Table 1. Patients
with RS<10 who received only endocrine therapy had a 5-year
invasive-DFS rate of 93.8%, freedom from distant breast cancer
recurrence rate of 99.3%, freedom from distant or local recur-
rence rate of 98.7%, and an overall survival (OS) of 98.0%, sug-
gesting their tumors were most likely luminal A subtype [26].
Although these results are extremely thought provoking, more
research is needed to definitively identify a specific subset of
patients who would not benefit from chemotherapy. Kim et al.
conducted a retrospective review of RS over a 9-year period at
five medical institutions in the United States, with the goal of
developing and validating a model for predicting risk categories
using clinicopathologic parameters (ER, PR, Ki67, HER2, and
tumor grade), and found that histopathologic markers alone
determined high- versus low-risk RS categories (�25 or >25),
with greater than 95% confidence in more than 55% of cases
and with the validation set predicting the risk category correctly
in 52.5% of cases [27]. Klein et al. used cases with known 21-
gene RS results from a single hospital to build models (i.e., new
Magee equations 1, 2, and 3) to predict an estimated RS based
on IHC data such as ER, PR, HER2, and Ki67 [28]. Overall, there
was 54.4%–59.4% concordance between a new Magee equa-
tion and the actual 21-gene RS; this increased to more than
95% when the intermediate-risk categories for the actual 21-
gene RS and Magee equation-estimated RS were excluded.
When the estimated RS fell in the intermediate category based
any of the Magee equations, the actual 21-gene RS was low or
intermediate in more than 80% of cases. These results suggest
that histopathologic markers may serve as surrogates in certain
cases and certainly warrant further research.

PAM50-ROR
Parker et al. found the intrinsic subtype determined by PAM50 to
be both predictive of pathological complete response (pCR) rate
in patients who received neoadjuvant treatment and prognostic
for recurrence-free survival (RFS) [3, 14]. Subsequent studies
have looked at the prognostic value of PAM50 (Table 2). Ellis
et al. looked at postmenopausal patients with stage II–III, ER1,
grade 2–3 breast cancer randomized to neoadjuvant aromatase
inhibitors and found that preoperative endocrine prognostic

index 0 (PEPI-0) status at surgery, which predicts lower likelihood
of recurrence, was higher in luminal A compared with luminal B
tumors. Furthermore, luminal A subtype was the primary factor
in predicting likelihood of recurrence as measured by PAM50
[29]. Prat et al. looked at EGF30008 trial tumor samples in which
postmenopausal patients with hormone receptor-positive (HR1)
cancer received letrozole6 lapatinib [30]. PAM50-based intrinsic
subtype was the strongest prognostic factor associated with
progression-free survival and OS and highest in the luminal A
subgroup. Martin et al. looked at GEICAM/9906 trial patients
randomized to adjuvant 5-fluorouracil, epirubicin, cyclophospha-
mide (FEC) 6 weekly paclitaxel and showed that patients with
luminal A subtype had the best 8-year OS at 88% [31]. Tobin
et al. looked at TEX Trialists Group patients with confirmed
locoregional or distant relapse and showed that patients with
HER2-enriched and basal-like subtypes had worse survival than
those with luminal A [32]. These results suggest that patients
with PAM50-based luminal A subtype may have a better progno-
sis than those with other subtypes.

Wallden et al. used the PAM50 platform to generate and
validate the clinical accuracy of PAM50-ROR [15]. PAM50-ROR
was found to be prognostic for disease-recurrence-free survival
(DRFS), and only luminal A subtype had a low PAM50-ROR
score (Table 2) [33, 34]. The TransATAC study looked at patients
who received tamoxifen or anastrozole to compare PAM50-
ROR and 21-gene RS. Beyond 5 years, PAM50-ROR was a better
prognostic indicator [33]. The ABCSG-8 study looked at the
prognostic value of PAM50-ROR in postmenopausal patients
treated with adjuvant tamoxifen or tamoxifen followed by
anastrozole and found that patients with luminal A subtype
had the highest 10-year DRFS [34]. Liu et al. looked at CALGB
9741 trial patients who received adjuvant doxorubicin, cyclo-
phosphamide, and paclitaxel in 2-week dose-dense and 3-week
schedules [35]. PAM50-based intrinsic subtype was found to be
prognostic of RFS, regardless of treatment schedule, and high-
est in the luminal A cohort, suggesting that the better prognosis
of luminal A subtype outweighed the benefit of a dose-dense
schedule. Sestak et al. compared disease recurrence (DR) of the
clinical treatment score (CTS, using nodal status, grade, tumor
size, age, and treatment), four IHC markers (IHC4, using IHC-
based ER, PR, Ki67, and HER2), 21-gene RS, PAM50-ROR, BCI,
and EndoPredict in postmenopausal patients with HR1/HER2-
negative breast cancer from the TransATAC study [36]. In years
0–10, all signatures were prognostic for DR in patients with
node-negative disease. In those with node-positive disease,
PAM50-ROR and EndoPredict identified low-risk patients with
good DR risk who would likely not need chemotherapy. Consid-
ering only years 5–10, BCI, PAM50-ROR, and EndoPredict were
prognostic for late DR. In patients with node-positive disease,
PAM50-ROR and EndoPredict identified those at low risk of late
DR. Dowsett et al. looked at the prognostic ability of PAM50-
ROR when added to the CTS (nodal status, tumor size, histopa-
thologic grade, age, anastrozole or tamoxifen treatment), using
tumor samples from the ATAC trial, and compared its perform-
ance with that of the 21-gene RS and IHC4 in predicting the risk
of DR after endocrine therapy [37]. PAM50-ROR added more
prognostic information compared with 21-gene RS and CTS
(p< .001). Compared with IHC4, PAM50-ROR added more
information in the HER2-negative/node-negative subgroup, but
the two were similar for all patients together. Although the

558 Luminal A Breast Cancer and Molecular Assays

Oc AlphaMed Press 2018



NCCN has acknowledged PAM50 as clinically validated for prog-
nosis in its 2015 guidelines, ongoing studies such as the Opti-
mal Personalised Treatment of Early Breast Cancer Using Multi-
Parameter Analysis trial (International Standard Randomised
Controlled Trial Number 42400492) will hopefully shed more
light on whether PAM50-ROR guided treatment is better than
standard of care [24].

The predictive value of PAM50 and PAM50-ROR has shown
mixed results. Stover et al. looked at the neoadjuvant
response to an anthracycline-taxane chemotherapy and found
a high PAM50-ROR score predictive of pCR rate [38]. Liu et al.
looked at the MA.21 trial patients randomized to adjuvant

anthracycline-based chemotherapy. Patients with PAM50-
ROR-based luminal A had the best RFS, but intrinsic subtype
did not predict benefit from chemotherapy [39]. Bayraktar
et al. looked at the correlation of pCR and near-complete pCR
rates of patients treated with neoadjuvant capecitabine and
docetaxel6 trastuzumab using the 70- and 80-gene signatures
versus PAM50. Patients with 70- and 80-gene signature-based
luminal A had a 7% total pCR and near-complete pCR rate, and
patients with PAM50-based luminal A had a 10% rate. Of the
total 122 tumor samples, PAM50 found 41 luminal A, whereas
the 70- and 80-gene signatures only found 14, suggesting a
high level of discordance between the two assays [40]. Prat

Table 2. Key clinical trials of PAM50 and PAM50-ROR

Clinical trial Results

Parker et al. [14] 1. Low ROR score only seen in LumA subtype
2. Intrinsic subtype prognostic for relapse-free survival in patients who received no adjuvant

systemic therapy (p 5 2.26e212), in ER-positive disease (p 5 1.89e210), and ER-negative
disease (p 5 .0123)

3. Patients who received neoadjuvant chemotherapy:
� Intrinsic subtype predictive for pCR with 94% sensitivity and 97% negative predictive value
� ER, PR, HER2, tumor grade not statistically significant

Wallden et al. [15] 1. Low PAM50-ROR score seen only in LumA subtype
2. High PAM50-ROR score seen in <0.3% of patients with LumA subtype
3. DRFS highest in LumA subtype for patients with no adjuvant treatment (log rank p 5 1.61e205)

and patients treated with adjuvant tamoxifen (log rank p 5 .00565)

Dowsett et al. (TransATAC) [33] Years 1–5: PAM50-ROR and 21-gene RS scores highly concordant
Years 5–10: PAM50-ROR score superior at distinguishing the risk of distant recurrence

Gnant et al. (ABCSG-8) [34] 1. PAM50-ROR added prognostic information beyond that provided by tumor grade, size,
nodal status (HR 1.03, 95% CI 1.02–1.04, p< .0001)

2. LumA highest 10-year DRFS (HR 2.85, 95% CI 2.04–4.00, p< .0001)

Ellis et al. [29] 1. LumA tumors 27.1% PEPI-0 status at surgery vs. 10.7% in LumB
2. LumA subtype predictive of PEPI-0 status at surgery

Prat et al. (EGF30008) [30] Median PFS:
� Highest in LumA at 16.9 months (p< .001)
� LumB: 11.0 months
� HER2-enriched: 4.7 months
� Basal-like: 4.1 months

Median OS:
� Highest in LumA at 45 months (p< .001)
� LumB: 37 months
� HER2-enriched: 16 months
� Basal-like: 23 months

Martin et al.
(GEICAM/9906) [31]

1. Majority of patients with low PAM50-ROR had LumA subtype (76.24%)
2. Paclitaxel benefit seen in low PAM50-ROR score (HR 0.23, 95% CI 0.09–0.57, p< .001)
3. Median 8-year OS:
� LumA highest at 88%
� LumB: 76%
� HER2-enriched: 71%
� Basal-like: 70%

Tobin et al. (TEX
Trialists Group) [32]

1. LumA best short-term and long-term breast-cancer-specific survival (p 5 .008)
2. Short-term breast-cancer-specific survival (in relation to LumA):
� LumB: HR 2.4, 95% CI 0.3–19.5, p 5 .42
� HER2-enriched: HR 7.6, 95% CI 1.0–58.2, p 5 .05
� Basal-like: HR 7.2, 95% CI 1.0–54.6, p 5 .06

3. Long-term breast-cancer-specific survival (in relation to LumA):
� LumB: HR 2.3, 95% CI 0.8–6.9, p 5 .12
� HER2-enriched: HR 4.4, 95% CI 1.5–12.8, p 5 .01
� Basal-like: HR 3.7, 95% CI 1.3–10.9, p 5 .02

4. Poor short-term breast-cancer-specific survival with low ESR1 (p 5 .0078) and CASP3 (p 5 .045)
5. Twofold increased risk for death from breast cancer (short-term survival) with low CASP3

(HR 2.2, 95% CI 1.1–4.1) and ESR1 (HR 2.2, 95% CI 1.2–4.2)
6. Poor postrelapse long-term survival seen in high AKT-MTOR (HR 1.7, 95% CI 1.1–2.7, p 5 .03),

RAS (HR 1.8, 95% CI 1.1–2.9, p 5 .03), and BETA-C (HR 1.7, 95% CI 1.1–2.7, p 5 .03)

Abbreviations: CI, confidence interval; DRFS, disease-recurrence-free survival; ER, estrogen receptor; HER2, human epidermal growth receptor 2;
HR, hazard ratio; LumA, luminal A; LumB, luminal B; OS, overall survival; PAM50, 50-gene Prediction Analysis of Microarrays; pCR, pathological
complete response; PEPI-0 status, preoperative endocrine prognostic index 0 status; PFS, progression-free survival; PR, progesterone receptor;
ROR, Risk of Recurrence; RS, Recurrence Score.
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et al. looked at PAM50-based intrinsic subtype of clinically
HER21 cancers from The Cancer Genome Atlas (TCGA) and
the Molecular Taxonomy of Breast Cancer International Con-
sortium (METABRIC) data sets [41]. Although the majority of
tumors were of the HER2-enriched subtype (47.0%), propor-
tions were luminal B (28.2%) and luminal A (10.7%). The
authors further looked at HER2 status and survival using the
METABRIC data set of patients with primary resected
breast cancer who did not receive adjuvant trastuzumab.
Although HER21 disease was prognostic for poorer breast
cancer-specific survival compared with HER2-negative disease,
the prognostic value of HER2 positivity disappeared when
intrinsic subtype was taken into account. Patients with luminal
A/HER21 tumors had survival similar to those with luminal
A/HER2-negative tumors (hazard ratio [HR] 1.34, 95% confi-
dence interval 0.62–2.90, p 5 .46), and both luminal A sub-
groups had better outcomes compared with other subtypes
(p< .001). This suggests that HER2 amplification status was
not prognostic for survival when intrinsic subtype was also
taken into account.

Prognostically, CES was associated with distant
relapse-free survival in patients with node-negative
disease who were not treated with adjuvant therapy
and in patients with node-positive or -negative
disease treated with tamoxifen.

Finally, Prat et al. retrospectively analyzed HR1/HER2-nega-
tive tumor samples using PAM50 subtyping to derive a PAM50-
based chemoendocrine score (CES), which was calculated by
looking at the tumor sample’s correlation coefficients to

PAM50-based luminal A and basal-like status [42]. CES was
categorized into more chemotherapy sensitive (CES-C) or more
endocrine sensitive (CES-E).When CES was compared with ROR
score, of the samples that were ROR-low, 94.9% were found to
be CES-E and 100% were luminal A subtype. Of the ROR-
intermediate and CES-E samples, 77.3% were luminal A sub-
type. The rate of pCR was lower in the CES-E group than in the
CES-C group across all validation data sets (p< .05 for all). CES
was predictive beyond intrinsic subtype and, depending on the
validation data set used, also beyond Ki67 and PAM50-ROR
score. Prognostically, CES was associated with distant relapse-
free survival in patients with node-negative disease who were
not treated with adjuvant therapy and in patients with node-
positive or -negative disease treated with tamoxifen (p< .0001
for both). Their results confirmed an inverse relationship
between endocrine sensitivity and chemotherapy sensitivity in
ER1 breast cancer and that the main driver of endocrine sensi-
tivity within ER1/HER2-negative tumors is whether the
tumor’s intrinsic biology is luminal A or basal-like. These results
suggest that the role of CES and how it could be used in clinical
practice warrant further investigation.

70- and 80-Gene Signature Assays
The 70-gene and 80-gene signatures are frequently used
together to determine which subset of tumors are luminal
A-like (luminal and low-risk). Two studies have looked at the
predictive value of the 70- and 80-gene signatures: the Neoad-
juvant Breast Registry Symphony Trial (NBRST) and a study by
Gl€uck et al. (Table 3). The NBRST looked at IHC-based markers
versus gene-based assays in predicting pCR or partial response
in patients receiving neoadjuvant chemotherapy or endocrine
therapy and showed that gene-based luminal A subtype had
the lowest pCR rate compared with other subtypes [43]. Gl€uck
et al. analyzed data from four neoadjuvant chemotherapy trials
and found that although patients with luminal A tumors had

Table 3. Key clinical trials of the 70-gene and 80-gene signatures

Clinical trial Results

Whitworth et al. (NBRST) [43] Using gene-based profiles:
� 37/211 IHC-luminal tumors reclassified to HER2 (2) or basal (35)
� 36/123 IHC-HER21 tumors reclassified to LumA (8) and LumB (28)

pCR rate in gene-based profiles luminal patients who received neoadjuvant chemotherapy:
� LumA: 2% pCR rate
� HER2: 53%
� Basal: 35%

Partial response rates:
� Gene-based LumA: 80%
� IHC-luminal: 65%

Gluck et al. [44] pCR rate (prognostic only in HER2 and basal subtypes):
� LumA: lowest at 6%
� LumB: 10%
� HER2: 47%
� Basal: 37%

5-year DMFS:
� LumA: highest at 93%
� LumB: 74%
� HER2: 77%
� Basal: 68%

Cardoso et al. (MINDACT) [45] 1. 94.7% 5-year rate of survival without distant metastasis in high clinical and low-genomic
risk patients who did not receive chemotherapy

2. 1.5% absolute difference in survival rate compared with patients who received chemotherapy

Abbreviations: DMFS, distant-metastasis-free survival; HER2, human epidermal growth receptor 2; IHC, immunohistochemistry; LumA, luminal A;
LumB, luminal B; MINDACT, Microarray in Node-Negative Disease May Avoid Chemotherapy; NBRST, Neoadjuvant Breast Registry Symphony Trial;
pCR, pathological complete response.
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the lowest pCR rate, they also had the highest 5-year DMFS
rate [44]. Taken together, these two studies suggest patients
with 70- and 80-gene signatures-determined luminal A-like
tumors may have a better prognosis than other tumor subsets.

MINDACT (NCT00433589) is an ongoing randomized phase
III noninferiority trial looking at patients with early-stage breast
cancer to determine genomic risk and the predictive value of
the 70-gene signature using fresh tissue [45]. Patients were
classified based on genomic risk (determined using 70-gene sig-
nature) and clinical risk (using Adjuvant! Online; Adjuvant, Inc.,
San Antonio, TX). Of the patients at high clinical risk and low
genomic risk, the absolute difference in 5-year survival without
distant metastases was 1.5% higher among those who received
chemotherapy compared with those who did not (95.9% vs.
94.4%, HR 0.78, p 5 .27). Even among patients at low clinical
risk and high genomic risk, the absolute difference in 5-year sur-
vival was only 0.8% higher in those who received chemother-
apy (95.8% vs. 95.0%, HR 1.17, p 5 .66). Furthermore, there
were no differences between disease-free survival and overall
survival in the high clinical/low genomic or low clinical/high
genomic risk groups. Assuming luminal A-like tumors fall within
the low genomic risk category, these results suggest that the
benefit of adjuvant chemotherapy in this patient population is
small.

IHC-Based Markers
Although the data on the prognostic and predictive value of
gene-based assays raise the question of whether they should
be incorporated into everyday treatment decision-making to

help individualize therapy, especially for patients with luminal A
subtypes, surrogate IHC-based markers are frequently still the
preferred testing modality for establishing subtype. Studies
have looked at the prognostic and predictive value of IHC-
based markers, and some are discussed below (Table 4). Mai-
sonneuve et al. looked at distant-disease-free survival (DDFS) in
patients treated for a first primary nonmetastatic breast cancer
with varying levels of Ki67 and PR and found those with luminal
A tumors had higher DDFS and lower incidence of distant
metastases at 10 years compared with patients with luminal B
tumors [46]. Rocca et al. looked at the benefit of first-line endo-
crine therapy in patients with advanced breast cancer and
found PR>20% predictive of longer time to tumor progression
(p 5 .012) [47]. Bonnefoi et al. looked at the prognostic implica-
tions of pCR and taxane- versus nontaxane-based chemother-
apy and found that although patients with luminal A tumors
had the lowest pCR rate at 7.5%, they had the best event-free
survival, DMFS, and OS [48]. Nielsen et al. looked at high-risk
premenopausal patients and found that patients with luminal
A tumors had no benefit from chemotherapy, whereas those
with other subtypes did [49]. In a meta-analysis of the role of
molecular subtypes and recurrence risk after breast-conserving
therapy, Chen et al. found luminal B, HER21, and triple-
negative tumors had higher risks of recurrence compared with
luminal A tumors [50]. Various other studies have confirmed
that patients with IHC-based luminal A tumors have a much
better prognosis than those with other subtypes. Currently, the
ongoing Trial of Perioperative Endocrine Therapy - Indivisualis-
ing Care (NCT02338310) is looking at more than 4,000

Table 4. Key clinical trials of IHC-based subtypes

Clinical trial Results

Maisonneuve et al. [46] 1. LumA-like (Ki67 <19% and PR �20%) better DDFS than LumB-like (Ki67 14%–19% and
PR <20% or Ki67 �20% and any PR)

2. Cumulative incidence of distant metastases at 10 years:
� LumA: 5.5%
� LumB: 17.5%

Chen et al. [50] Compared with LumA:
� LumB: Higher risk of total recurrence (HR 2.23, 95% CI 1.55–3.19), local recurrence
(HR 2.05, 95% CI 1.31–3.23), and distant recurrence (HR 3.08, 95% CI 1.62–5.86)
� HER2-positive: Higher total risk of recurrence (HR 1.97, 95% CI 1.41–2.75) and local
recurrence (HR 1.93, 95% CI 1.34–2.78)
� Triple-negative: Highest risk of total recurrence (HR 3.19, 95% CI 1.91–5.31)
and local recurrence (HR 3.31, 95% CI 1.69–6.45)

Minicozzi et al. [67] 1. LumA highest 5-year relative survival at 94.4%;
2. LumB higher-risk relapse (HR 1.42, 95% CI 1.14–1.76);
3. LumB higher relative excess risk of death (HR 1.75, 95% CI 1.22–2.50)

Cruz et al. [68] 1. LumA highest LRFS (p< .0001)
2. LumA highest DRFS (p< .0001)

Ejlertsen et al. [69] 1. DFS highest in LumA at 30.1%
2. CMF not improve DFS in LumA (HR 0.88, 95% CI 0.71–1.10)

Liu et al. [70] Ipsilateral breast recurrence lowest in LumA at 5.2% (p< .001)

Partridge et al. [51] In patients aged <40:
� LumA (ER- and/or PR-positive and HER2-negative): Increased risk of breast cancer death
(HR 2.1, 95% CI 1.4–3.2)
� LumB (ER-positive and/or PR-positive and HER2-positive or ER-positive and/or
PR-positive and HER2-negative and high grade):
� Lower risk of death (HR 1.4, 95% CI 1.1–1.9)
� Triple-negative: No increased risk of death (HR 1.4, 95% CI 1.0–1.8)
� HER2-positive: No increased risk of death (HR 1.2, 95% CI 0.8–1.9)

Abbreviations: CI, confidence interval; CMF, cyclophosphamide, methotrexate, fluorouracil; DFS, disease-free survival; DDFS, distant-disease-free
survival; DRFS, distant relapse free survival; ER, estrogen receptor; HER2, human epidermal growth receptor 2; HR, hazard ratio; IHC,
immunohistochemistry; LRFS, local relapse free survival; LumA, luminal A; LumB, luminal B; PR, progesterone receptor.
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postmenopausal patients with ER1 disease randomized to 2
weeks of neoadjuvant aromatase inhibitor versus no treat-
ment, focusing on the clinical utility of Ki67 as a predictor of
long-term outcomes.

IHC-BASED MARKERS VERSUS GENE-BASED ASSAY

CONCORDANCE
These previous studies suggest that luminal A subtype, when
determined by IHC-based markers, has better survival even
with lower pCR rates. However, Partridge et al. recently looked
at IHC-based subtypes in patients aged <40 with breast cancer
and found that those with luminal A subtype had an increased
risk of breast cancer death, whereas those with luminal B,
HER21, and triple-negative subtypes did not (Table 4) [51]. This
raises the question of whether these patients would also have
luminal A-subtype tumors when analyzed by gene-based
assays, whether there are different types of luminal A tumors,
and whether IHC-based markers serve as a reliable surrogate.
Prat et al. reviewed the concordance between surrogate IHC-
based and PAM50-based intrinsic subtype and found a discord-
ance rate of 30.72% between the two classification systems
[11]. Of the 637 samples thought to be IHC-based luminal A
(HR1/HER2-negative), only 396 were PAM50-based luminal A.
Of the 317 IHC-based luminal B samples, 108 were PAM50-
based luminal A. Chia et al. evaluated the prognostic and pre-
dictive value of PAM50-based versus IHC-based intrinsic

subtype from patients in the National Cancer Institute of Can-
ada Clinical Trials Group MA.12 trial [52]. Patients with PAM50-
based luminal A had the best 5-year DFS at 84.2% and OS at
95.7%, and PAM50 was prognostic for DFS (p 5 .0003) and OS
(p 5 .0002). When IHC was used to determine subtype,
patients with luminal A tumors had better prognosis for both
DFS and OS, but the findings were not statistically significant.
PAM50 luminal subtype predicted tamoxifen benefit compared
with nonluminal subtypes when looking at DFS, but neither
subtyping by IHC, ER or PR, was predictive. Whitworth et al.
and Cristofanilli et al. looked at the concordance of the 70- and
80-gene signatures versus IHC in identifying the intrinsic sub-
type and found a 22%–25% discordance rate between the two
[12, 43]. These studies suggest that perhaps the IHC-based and
gene-based methods of identifying a tumor’s subtype are not
the same and cannot be used interchangeably.

Just as important as determining IHC-based markers versus
gene-based assay concordance is determining concordance
between gene-based assays. Esserman et al. performed a sec-
ondary analysis of a randomized trial of tamoxifen versus no sys-
temic therapy in postmenopausal women with node-negative
tumors smaller than 3 cm and more than 20 years’ follow-up
[53]. The 70-gene signature was used to determine an ultralow-
risk threshold (�0.355) above which no breast cancer deaths
occurred after 15 years without systemic therapy. Patients in
the ultralow-risk category had significantly better breast-cancer-
specific survival overall (p< .001), regardless of whether they

Table 5. Guideline recommendations

Organization
Luminal A surrogate
definition Recommendation

ESMO
(Senkus et al.,
Ann Oncol 2015 [63])

ER-positive
HER2-negative
Ki67 low (�10% low,
�30% high)
PR high (�20%)
Low-risk molecular
signature (if available)

� For luminal-A like: Endocrine therapy alone; consider chemotherapy if high
tumor burden (four or more positive lymph nodes, T3 or higher) or grade 3
� For all luminal cases: Systemic adjuvant therapy decision based on surrogate
intrinsic phenotype determined by ER/PR, HER2, and Ki67, with help of
MammaPrint, Oncotype DX, Prosigna ROR, or Endopredict if available

ASCO
(Harris et al.,
J Clin Onol 2016 [64])

Not applicable For ER/PR-positive, HER2-negative, node-negative disease, the following can be
used to guide decisions on adjuvant systemic chemotherapy:
� RS: High evidence quality, high strength of recommendation
� ROR (use with other clinicopathologic variables): High evidence quality,
high strength of recommendation
� EndoPredict: Intermediate evidence quality, moderate strength
of recommendation
� BCI: Intermediate evidence quality, moderate strength of recommendation

Do not use 70-gene signature for adjuvant chemotherapy decisions:
Intermediate evidence quality, moderate strength of recommendation

ASCO
(Krop et al.,
J Clin Onol 2017 [66]),
updates from the
2016 guidelines

Not applicable May use 70-gene signature (MammaPrint) to decide withholding adjuvant
systemic chemotherapy:
� ER/PR1, HER2-neg, node-neg with high clinical risk
� ER/PR1, HER2-neg, 1–3 LN-pos, and high clinical risk

Should not use 70-gene signature:
� ER/PR1, HER2-neg, LN-neg with low clinical risk
� ER/PR1, HER2-neg,1–3 LN-pos, and low clinical risk
� HER21
� Triple-negative

St. Gallen
(Curigliano et al.,
Ann Oncol 2017 [65])

High receptor, low
proliferation, low grade
Multiparameter molecular
marker “good” if available

� No role for gene testing in clinical pathologic low risk cases
(pT1a, pT1b, G1, ER high, pN0)
� No adjuvant chemotherapy in stage 1 or 2 luminal A-like cancers,
especially when genomic assays predict the lack of chemotherapy benefit

Abbreviations: ASCO, American Society of Clinical Oncology; BCI, Breast Cancer Index; ER, estrogen receptor; ESMO, European Society of Medical
Oncology; HER2, human endocrine growth receptor 2; LN, lymph node; neg, negative; pos, positive; PR, progesterone receptor; ROR, Risk of Recur-
rence; RS, Recurrence Score.
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received tamoxifen (p 5 .003) or were untreated (p 5 .004).
The tamoxifen-treated patients had a 20-year disease-specific
survival rate of 97% versus 94% for those who did not receive
tamoxifen. All ultralow-risk tumors were HR1, HER2 negative,
and luminal subtype using 80-gene signature assay, and of
these, 89% were also PAM50-based luminal A intrinsic subtype.
Conversely, however, only 25% of tumors characterized as
PAM50-based luminal A and 26% of those characterized as 80-
gene signature-determined luminal A were found to be
ultralow-risk. Fan et al. looked at the 70-gene signature, RS, and
PAM50 to compare the prognostic value of each gene-
expression-based model [54]. All were found to be prognostic
for relapse-free survival and overall survival, with statistically
significant p values. Of the intrinsic-subtype luminal A tumors,
low RS identified 62 out of 70 samples, whereas the other mod-
els were more heterogeneous. In a direct comparison of ER1

samples, the 70-gene assay and RS were found to be concord-
ance in 76.9% of cases and highly correlated (p< .001). These
studies question not only whether IHC-based markers are
interchangeable with gene-based assays, but also whether
gene-based assays are interchangeable with each other.

GENETIC MUTATIONS AND NOVEL PATHWAYS FOR LUMINAL A
Currently, studies targeting luminal A cancers using novel path-
ways are underway. Santarpia et al. found PIK3CA to be the
most frequently mutated gene in IHC-based ER1/luminal can-
cers, with data from TCGA suggesting that the PIK3CA E545K
mutation is found almost exclusively in the luminal A subtype
[55]. Ciriello et al. looked at the molecular diversity of luminal A
tumors and found that they had fewer mutations per sample
but that the mutations tended to recur and affect similar genes.
Patients with luminal A had not only the longest survival but
also the most variability, with the risk of late mortality, after 10
years from diagnosis, higher than patients with other subtypes
[56]. Tobin et al. found ESR1, CASP3, AKT-MTOR, RAS, and BETA-

C genes to affect long-term and short-term survival (Table 2)
[32]. Ross et al. looked at comprehensive genomic profiling to
help identify targetable genomic alterations and reclassify the
intrinsic subtypes based on sensitivity to treatment [57].
Kroemer et al. looked at the role of immunotherapy in gene-
based luminal breast cancer and found that the frequency of
CD471 circulating tumor cells correlates with metastatic
spread and that their presence in ER1 tumors is a negative pre-
dictor of OS [58]. Tumor-infiltrating lymphocytes (TILs) are also
currently under investigation, and although studies suggest
that TILs are higher in ER-negative/HER2-negative and HER21

tumor subgroups compared with ER1/HER2-negative sub-
groups, more information is needed on their prognostic and
predictive value in breast cancer [59]. Results such as these sug-
gest that not all luminal A tumors are the same and that further
stratification based on mutational analyses may be needed.

TREATMENT IMPLICATIONS FOR LUMINAL A CANCERS
In 2012, the Early Breast Cancer Trialists’ Collaborative Group
meta-analysis found that adding taxanes to anthracycline-based
regimens reduced the risk of recurrence and mortality [60]. The
authors pointed out that no information was available on the
tumor subtype and that this study was not able to directly
inform about the effects of chemotherapy on low-risk luminal A
tumors, emphasizing that patients may even be harmed by the

toxicities of chemotherapy. However, more recent data suggest
that for patients with ER1 cancer who receive endocrine-based
therapy for only 5 years, the annual risk of distant recurrence is
1.4%–1.8% and up to 21% at 20 years even for T1N0 disease
[61]. These data also raise the question of whether these
patients with ER1 disease based on IHC truly have gene-based
luminal A subtype, which would predict a better prognosis, or
another subtype. Lannin et al. pointed out that although tumor
size can play a role in determining prognosis, a smaller but
unfavorable tumor type (defined as grade 2 or 3 and ER-nega-
tive/PR-negative or grade 3 and ER-negative/PR1) may have
worse prognosis than a larger but favorable tumor type
(defined as grade 1 and ER- and/or PR-positive) [62].

More recent data suggest that for patients with ER1

cancer who receive endocrine-based therapy for only
5 years, the annual risk of distant recurrence is
1.4%–1.8% and up to 21% at 20 years even for T1N0
disease. These data also raise the question of whether
these patients with ER1 disease based on IHC truly
have gene-based luminal A subtype.

Increasingly, expert panels and societies such as the Ameri-
can Society of Clinical Oncology, the European Society of Medi-
cal Oncology, and the St. Gallen Expert Panel are incorporating
molecular assays such as PAM50-ROR and the 70-gene signa-
ture into their recommendations and guidelines (Table 5)
[63–66]. Definitive guidelines, however, are still lacking.
Currently available data suggests patients with luminal A sub-
type breast cancer and favorable clinical and genomic profiles
may not need chemotherapy and could be treated with endo-
crine therapy alone. Ultimately, both tumor anatomy and
tumor biology should be taken into consideration when making
clinical treatment decisions.

THE FUTURE OF LUMINAL A BREAST CANCER TREATMENT

Our knowledge of breast cancer molecular biology and hetero-
geneity has significantly evolved over the past few decades.
Breast cancer is no longer a single entity but rather comprises
multiple subtypes, each with its own set of genomic and
immunohistochemical signatures, response to treatment, and
survival implications. In particular, studies suggest that patients
with the luminal A subtype may have a better prognosis, raising
the question of whether de-escalating treatment and omitting
chemotherapy in certain circumstances are warranted. In the
current era of precision medicine, in which the goal is to nei-
ther overtreat nor undertreat patients, these individual tumor
characteristics will become increasingly important in determin-
ing the right treatment for any individual patient. The authors
of this review believe that given the currently available data
and guideline recommendations, patients with low-risk clinical
disease and luminal A-like tumors, whether determined by IHC
or intrinsic subtyping, may not need chemotherapy. However,
further definitive research is needed in this area.
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